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1.0  HBTBBSHCESi 

1«1  XDC,  I*  A.  Johnson  to  G.  R.  Bumatead  datM  February  10,  1955. 

1  *2  ASfFO,  K.  M«  Fisher  to  &•  R.  Sclnaidt  dated  March  21,  1 9$$. 

1*3  Interoffice  notebook  pagee  182830  through  182838  (issued  to 
L.  McLean) 

2*0  IHTRODOCTIOMi  . 

2.1  The  test  program  urns  requested  by  reference  1.1.  The  objectives 
of  the  program  ware  to  establish  veld  ultimate  strength  design 
factors  for  certain  common  veld  configurations  with  an  eye 
toward  Justifying  an  Increase  in  the  existing  maximum  veld 
strength  design  factor  of  8$f  of  the  ultimate  strength  of  the 
parent  material.  The  specimens  were  manufactured  in  the  con¬ 
figurations,  heat-treats  and  quantities  shown  on  Figure  1. 

Ths  tuts  were  performed  in  th~  Baldwln-Tate-Emery  SR-U 
Universal  Testing  Machine  in  the  Engineering  Test  Department 
Laboratory  on  April  lit,  15  and  18,  1*5$  wider  EWA  3-1880-1076 
(Dept.  7it-2lt  Service  Number  121) 
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3*0  PROCEDURE t 


3*1  The  three  type*  of  test  epeolnana  are  shown  on  Figures  2,  3, 
end  U.  The  epedtoens  were  set  up  in  the  SR-U  Universal  Test¬ 
ing  Machine  as  shown  la  Figure  $,  Serrated  wedge-type  grips 
were  utilised  to  secure  the  coupons.  Specially  made,  extra 
thick  gripe  were  used  on  one  side  of  the  crosehead  grip  to 
accomodate  the  offaet  construction  of  the  Type  II  and  Type  III 
specimens.  tta*  coupon  was  loaded  In  tension  until  failure 
end  the  maximum  load  recorded.  All  coupons  had  been  Rockwell 
Hardness  tested  to  determine  heat-treat,  but  these  values, 
especially  those  for  the  0.020  material,  were  not  considered 
to  be  sufficiently  accurate.  Consequently,  for  all  specimens 
where  weld  failure  occurred  in  the  sheet,  the  remaining  tab 
was  re- tested  to  determine  the  true  heat-treat. 

3.2  Typically,  the  weld  failures  ocourred  in  the  fusion  zone  and/or 
the  refined  cone  of  the  parent  material.  For  Types  II  and  III, 
this  occurred  in  the  thin  sheet  in  almost  every  case  although 
several  failures  occurred  in  the  0,2 $C  plate  and  several  other 
failures  transgressed  the  weld.  Typical  weld  failures  for 
each  of  the  three  specimen  Types  are  shown  in  Figures  6,  7, 
and  8.  Failures  of  the  parent  sheet  material  were  of  a  typical 
brittle  material  shear- tension  type  as  illustrated  on  Figure  9. 
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Fig.  2  Type  I  Coupon 
Figures  indicate  heat-treat 
aa  determined  by  Rockwell 
Hardness  Test. 


Fig.  3  Type  11  Coupon 
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Fig.  4  Type  111  Coupon 


Fig.  5  Teet  Set-up  of 
Type  111  Coupon  in  SR -4 
Universal  Testing  Machine 
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Fig.  6  Typical  Weld  Failure 
Type  1  Coupon 


Fig.  7  Typical  Weld  Failure 
Type  II  Coupon 
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Fig.  8  Typical  Weld  Failure 
Type  111  Coupon 


Fig.  9  Typical  Failure  of 
Parent  Sheet  Material 
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5.1  At  the  outset,  it  should  be  emphasized  that  a  tast  progpsn 
of  this  t/pe  cannot  bo  lodced  upon  as  conclusive  la  itself, 
but  rather  as  only  an  indication  of  the  results  thst  mpl 
be  expected  from  a  nor©  comprehensive  pregrsrt*  the  gsssHty 
of  test  colons  of  each  type  scheduled  to  bo  tested  sea  too 
snail  to  give  quantitative  results,  Lareovar,  tbs  auabs?  of 
coupons  actually  satisfactorily  tested  res  oiyilflcsritly  less 
than  scheduled  because  of  warped  speelasne  end  specimen*  which 
failed  in  the  grips. 

*i  ■  ■  i'  'I. 

5.2  The  test  results  are  tabulated  on  pages  8  and  CoBSddWring 
the  0.020  specimens,  it  is  seen  that,  in  n any  Instances*  tbs 
strength  of  the  weld  was  greater  than  that  of  the  parent 
material .  Designating  the  relative  s  trengths  in  Obese  esses 
as  1002,  the  minimum  average  relative  strength  of  $pW  to 
parent  material  is  5242  for  Type  II  specimens.  ibis  suggests 
that  a  higher  design  weld  factor  ml^it  be  in  order  in  this 
gage  range.  No  correlation  is  possible  between  beat-trewto 
and  relative  strengths  due  to  the  fact  that  hsaV> treats  vary 
considerably  and  do  not  fall  into  the  desired  lia&tfe  Appar¬ 
ently,  normal  heat* treating  procedure  is  unaatisJWetecjr  in 
this  thickness  range.  One  possible  Improvement  in  Abio\^ 
connection  would  be  to  heat-treat  it  an  inert  atiPSphsgi  to 
reduce  the  effect  of  surface  dec  arborisation. 

v  '  .  -.C.t  -V_. 

5.3  For  the  0.060  gage  specimens,  the  heat* treat  ranges  ware 

generally  satisfactory.  For  this  gage,  however*  various 
difficulties  prevent  positive  correlation  of  tbs  heat-treats 
and  specimen  types  with  sold  strengths.  Of  Type  I  Specimens* 
only*  three  specimens  out  of  eight  gave  satisfactory  results, 
the  remaining  five  being  badly  warped  (see-  boles).  In  tbs 
180-200,000  psi  range  of  Type  II,  two  specimen#  having 
defective  welds  (see  below)  brought  down  the  average  strength 
considerably.  In  Type  IS,  150-170,000  psi  range,  tbits  of 
the  five  specimens  failed  through  the  end  of  0.250  plats  and 
therefore  contributed  no  useful  information.  Only  tbs  fyps  IX, 
150-170,000  psi  range,  and  Type  III,  180-200,000  pel  rang* 
tests  consisted  of  a  sufficient  number  of  perfect  coupons  to 
give  reliable  7v.svO.tB,  The  relative  strength  values  of  95*52 
and  86.52-  respectively  euen*et  two  possibilities!  (1)  in 
inverse  relationship  exists  between  heat-treats  and  Weld 
strengths  or  (2)  the  Type  II  weld  is  stronger  than  the  Ty  III 
weld.  Additional  testing  would  be  required  to  resolve  the 
alternatives.  t- 

5.U  low  wall  strength  factors  in  three  cases fcrype  11  -  0.020  (1) 
and  0.060  (2)]were  found  to  be  due  to  blowholes  la  the  welds. 
Sinoe  all  coupons  of  a  particular  type  were  cut  from  a  Slagle 
weld  assembly,  these  .defects  Were  obviously  not  attributable 
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luXtgr  welds,  but  rather  to  ccndLticna  which 
at  any  pcii-t  la  otherwise  perfect  weld.  Conse 
cowpwhenaive  test  program  for  purposes  of 
•la  design  fietoR,  thee*  coupon*  would  hare 


io.be  coocldtred  a*  representing  tha  strengths  to  be  expected 
in  d  Certain  percentage  of  normal  welds,  It  la  therefore 
suggested  that  improvement  of  our  preoent  veiling  techniques 
•ad  quality  centrals  la  la  order  if  higher  weld  design  factors 
are  to  be  realised. 


As  mentioned  above,  two  difficulties,  warped  coupons  and 
breakage  of  the  coup  one  in  tbe  grips,  were  responsible  for 
reduction  of  the  maker  of  usable  specimens.  Coupons  in  both 
the  0,020  and  0,060  gages  of  the  Type  I  ( sheet- to-eheet) 
specimens  sere  badly  warped,  apparently  a  combination  result 
of  both  welding  and  heat- treating.  Although  this  varpage 
had  no  apparent  affect  on  the  strength  of  the  0.020  specimens 
the  eccentric  loading  bending  stresses  introduced  by  this 
condition  into  the  0.060  specimens  resulted  in  premature 
failures*  Future  coupons  will  require  holding  fixtures  for 
melding  and  beat  treatment  plus  adequate  tempering  to  prevent 
varpage „  Breakage  of  the  coupons  In  the  grips  was  restricted 
to  the  0.020  gage  coupons.  The  thin  gage  combined  with  the 
brittleness  of  the  steal  to  magnify  the  s trees  concentration 
affect  of  the  grip  teeth.  These  effects  could  largely  be 
of  fset  by  deeper  insertion  of  the  speoiaan  into  the  grip,  but 
the  coupons  were  so  short  that  this  could  not  be  accomplished 
with  any  degree  of  eertainty.  To  alleviate  this  problem  in 
future  tests,  the  use  of  longer  specimens  with  flared  ends 
is  recommended. 
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